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7KH WHPSHUDWXUH RI LQVHFWV LV DSSUR[LPDWHO\ WKH
VDPH DV WKDW RI WKH HQYLURQPHQW KHQFH
WHPSHUDWXUH KDV D SURIRXQG HIIHFW RQ WKHLU
FRORQL]DWLRQ GLVWULEXWLRQ DEXQGDQFH EHKDYLRU
OLIH KLVWRU\ DQG ILWQHVV &RVVLQV DQG %RZOHU 
'HQOLQJHU DQG <RFXP  -DPHV HW DO 
+RIIPDQQ HW DO   ,Q DGGLWLRQ LQVHFWV FDQ EH
NLOOHG LPPHGLDWHO\ DIWHU D VKRUW SHULRG RI
H[SRVXUH WR H[WUHPHO\ KLJK WHPSHUDWXUH D
PHWKRG WKDW KDV EHHQ ZLGHO\ XVHG WR FRQWURO VRPH
HFRQRPLFDOO\ LPSRUWDQW SHVWV )LHOGV 
0RXULHU DQG 3RXOVHQ  $W D ZLGH UDQJH RI
HOHYDWHG WHPSHUDWXUHV EHORZ OHWKDO KLJK
WHPSHUDWXUHV LQVHFWV FDQ EH DIIHFWHG E\ WKHUPDO
LQMXU\ ZKLFK PD\ EH PDQLIHVWHG GXULQJ ODWHU
GHYHORSPHQW VWDJHV UHVXOWLQJ LQ UHGXFHG VXUYLYDO
DQG ILWQHVV 'HQOLQJHU DQG <RFXP  )RU
H[DPSOH LQ Sarcophaga crassipalpis DQG
Drosophila melanogaster WKH IOLHV IDLO WR HPHUJH
IURP WKH SXSDULXP LI SXSDH RU SKDUDWH DGXOWV
VXIIHUHG KHDW VKRFN 0LWFKHOO DQG /LSSV 
'HOLQJHU HW DO   'HYHORSPHQWDO
DEQRUPDOLWLHV DQG SKHQRFRS\ PXWDWLRQV ZHUH
REVHUYHG LQ D. melanogaster DQG VRPH Aedes
VSS H[SHULHQFHG KHDW VWUHVV $QGHUVRQ DQG
+RUVIDOO  +RUVIDOO HW DO  ([SRVXUH WR
KHDW LQGXFHG PDOH VWHULOLW\ LQ D. buzzatii
Ceratitis capitata DQG Aedes PRVTXLWRHV
(FRQRPRSRXORV  9ROOPHU HW DO 
Ephestia cautella DQG Plodia interpunctella
H[SHULHQFHG UHGXFHG IHFXQGLW\ DIWHU H[SRVXUH WR
KLJK WHPSHUDWXUH $UERJDVW  ,Q WUDQVJHQLF
D. melanogaster WKH SURSRUWLRQDO KDWFK RI HJJV
GHFUHDVHG LI PDWHUQDO IHPDOHV H[SHULHQFHG KHDW
VKRFN LQGLFDWLQJ WKH HIIHFWV RI KHDW VKRFN
FRQWLQXHG LQWR WKH QH[W JHQHUDWLRQ 6LOEHUPDQQ
DQG7DWDU
7KH SRWHQWLDO RI DQ LQVHFW SRSXODWLRQ WR IORXULVK
ZLOO GHSHQG LQ SDUW RQ LWV VL]H DQG WKH ILWQHVV RI
LQGLYLGXDOV ,Q QDWXUH LQVHFWV IUHTXHQWO\
H[SHULHQFH IOXFWXDWLQJ WHPSHUDWXUH UHJLPHV DQG
WKHVH IOXFWXDWLRQV PD\ UHVXOW LQ H[SRVXUH WR KHDW
VWUHVV FRQGLWLRQV WKDW PD\ LQ WXUQ LQIOXHQFH
LQVHFW VSHFLHV GLVWULEXWLRQ DQG SRSXODWLRQ
G\QDPLFV Trialeurodes vaporariorum
:HVWZRRG DQG Bemisia tabaci *HQQDGLXV
ELRW\SH % +RPRSWHUD $OH\URGLGDH DUH WZR RI
WKH PRVW FRPPRQ DQG HFRQRPLFDOO\ LPSRUWDQW
ZKLWHIO\ VSHFLHV XQGHU ILHOG DQG SURWHFWHG
FRQGLWLRQV +HQQHEHUU\ HW DO  B. tabaci LV D
WURSLFDOVXEWURSLFDO VSHFLHV %URZQ HW DO 
DQG LWV UHFHQW RXWEUHDNV SURYLGH QHZ HYLGHQFH
WKDW WKH SHVW FDQ SURWHFW LWVHOI IURP KHDW GDPDJH
LQ H[WUHPH HQYLURQPHQWV E\ UHVLGLQJ XQGHU WKH
OHDI XWLOL]LQJ KHDW VKRFN SURWHLQV +VS DQG
+VS DQG UDLVLQJ OHYHOV RI VRUELWRO LQ WKHLU
EORRG E\ PRUH WKDQ  IROG XQGHU LQFUHDVHG
WHPSHUDWXUHV 6DOYXFFL HW DO  7KLV VSHFLHV
LV FRPSULVHG RI QXPHURXV ELRW\SHV DQG HDFK
ELRW\SH GLIIHUV LQ ELRORJLFDO DQG YLUXV WUDQVPLWWLQJ
FKDUDFWHULVWLFV %URZQ HW DO  3HUULQJ 
6HYHUH RXWEUHDNV XVXDOO\ VXEVLGH HYHQWXDOO\ EXW
GDPDJH FDQ EH VHULRXV DQG PXVW EH PDQDJHG E\ D
FRPELQDWLRQ RI HQYLURQPHQWDO PDQLSXODWLRQ
QDWXUDO HQHP\ HQKDQFHPHQW DQG DUHDZLGH
FRQWUROSURJUDPV
Bemisia tabaci ZDV IRXQG LQ &KLQD LQ  DQG
ZDV QRW FRQVLGHUHG DQ LPSRUWDQW SHVW &KR 
XQWLO WKH UHFHQW LQYDVLRQ RI B. tabaci % ELRW\SH
ZKLFK KDV EHHQ IRXQG LQ PRVW SURYLQFHV RI &KLQD
DQG EHFRPH D VHYHUH SHVW RI QXPHURXV ILHOG DQG
RUQDPHQWDO FURSV /XR HW DO  T.
vaporariorum KDV EHHQ D PDMRU SHVW RI
YHJHWDEOHV DQG RUQDPHQWDO SODQWV XQGHU SURWHFWHG
HQYLURQPHQWDO IRU PDQ\ \HDUV DQG LW PD\ FRH[LVW
ZLWK B. tabaci RQ WKH VDPH FURS V\VWHPV XQGHU
SURWHFWHG FRQGLWLRQV EXW WKHLU SRSXODWLRQ
G\QDPLFV GLIIHU /XR HW DO  *HQHUDOO\ WKH
SRSXODWLRQV RI B. tabaci UHDFK WKHLU SHDN LQ
VXPPHU ZKHUHDV WKRVH RI T. vaporariorum UHDFK
WKHLU SHDN XQGHU FRROHU FOLPDWLF FRQGLWLRQV /XR
HW DO  7KH WHPSHUDWXUH LV QRUPDOO\ DERYH
& GXULQJ VXPPHU PRQWKV LQ QRUWKHUQ &KLQD
DQG WKH KLJKHVW WHPSHUDWXUH GXULQJ WKH GD\ FRXOG
H[FHHG & &OLPDWH 'DWDEDVHV &KLQHVH
$FDGHP\ RI )RUHVWU\ ± 7KH VXSHULRU
FDSDFLW\ RI B. tabaci ELRW\SH % WR VXUYLYH DW KLJK
WHPSHUDWXUHV IDYRUV SRSXODWLRQ LQFUHDVHV LQ KRW
ZHDWKHU ZKHUHDV WKH PLOG HQYLURQPHQWDO
FRQGLWLRQV LQ WKH IDOO DQG ZLQWHU FRXOG IDYRU T.
vaporariorum 7R XQGHUVWDQG WKH HIIHFWV RI
H[WUHPH WHPSHUDWXUHV RQ GLVWULEXWLRQ GLVSHUVDO
DQG SRSXODWLRQ G\QDPLFV RI WKHVH WZR ZKLWHIO\
VSHFLHV ZH KDYH FRQGXFWHG D VHULHV RI VWXGLHV WR
GHWHUPLQH WKH HIIHFWV RI WHPSHUDWXUH HVSHFLDOO\
H[WUHPH WHPSHUDWXUHV RQ WKHP +HUH WKH HIIHFWV
RI KHDW VKRFN D EULHI  K H[SRVXUH WR KLJK
WHPSHUDWXUH RQ WKH ELRORJLFDO ILWQHVV RI WKH WZR
ZKLWHIO\ VSHFLHV LV SUHVHQWHG LQFOXGLQJ DGXOW
VXUYLYDO DQG UHSURGXFWLRQ DQG VXUYLYDO DQG VH[
UDWLRRIWKH)RIIVSULQJ
Materials and Methods
Insects and host plants
Bemisia tabaci ELRW\SH % DQG T. vaporariorum
XVHG LQ WKLV VWXG\ ZHUH RULJLQDOO\ FROOHFWHG IURP
WRPDWR SODQWV Lycopersicon lycopersicum /
6RODQDOHV 6RODQDFHDH LQ WKH H[SHULPHQWDO ILHOGV
RI WKH &KLQHVH $FDGHP\ RI $JULFXOWXUDO 6FLHQFHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH %HLMLQJ IURP 2FWREHU WR 1RYHPEHU LQ  7KH
B. tabaci FRORQ\ ZDV PDLQWDLQHG RQ FRWWRQ SODQWV
Gossypium hirsutum / 0DOYDOHV 0DOYDFHDH
YDULHW\ µ6LPLDQ 1R ¶ DQG WKH T. vaporariorum
FRORQ\ ZDV PDLQWDLQHG RQ JUHHQ EHDQ SODQWV
Phaseolus vulgaris / )DEDFHDH )DERLGHDH FY
³*RQJ *HL]KH´ LQ VHSDUDWH JUHHQKRXVHV XQGHU
±& ± 5+ DQG QDWXUDO SKRWRSHULRG

 1 
 ( FRQGLWLRQV 7KH SODQWV ZHUH
VLQJO\ JURZQ LQ SODVWLF SRWV  FP LQ GLDPHWHU LQ
JUHHQKRXVHV
Effects of heat shock on survival and
reproduction of the two whitefly species
1HZO\ HPHUJHG DGXOWV RI B. tabaci DQG T.
vaporariorum § K ROG ZHUH FROOHFWHG DQG
VH[HG XQGHU D VWHUHRPLFURVFRSH $ VLQJOH DGXOW
ZDV SODFHG LQ D JODVV WXEH  PP LQ OHQJWK [ 
PP LQ GLDPHWHU $W OHDVW  IHPDOH DQG PDOH
DGXOWV ZHUH DVVD\HG 7KH ZKLWHIOLHV LQVLGH WKH
JODVV WXEHV ZHUH KHDWVKRFNHG DW HDFK RI WKH ILYH
WHPSHUDWXUH UHJLPHV     DQG  
& LQ FOLPDWLF LQFXEDWRUV 0+7 6DQ\R
(OHFWULF &R /WG 2VDND -DSDQ IRU  KRXU 7KH
WHPSHUDWXUHV ZHUH VHOHFWHG EDVHG RQ QRUPDO
WHPSHUDWXUHV LQ WKH JUHHQKRXVHV LQ QRUWKHUQ
&KLQD GXULQJ VXPPHU 7KH KRXU KHDWVKRFN
GXUDWLRQ ZDV VHOHFWHG EDVHG RQ RXU SUHOLPLQDU\
H[SHULPHQWV WKDW WKLV GXUDWLRQ ZDV VXIILFLHQW WR
FDXVH FKDQJHV IRU WKH ZKLWHIOLHV 7KH DGXOWV
PDLQWDLQHG DW & ZHUH XVHG DV XQWUHDWHG
FRQWUROV $IWHU WKH KHDW VKRFN WKH ZKLWHIOLHV ZHUH
SODFHG DW & IRU  KRXUV WR DOORZ WKH DGXOWV WR
UHFRYHU 7KH QXPEHU RI ZKLWHIOLHV UHFRYHUHG ZDV
FKHFNHG 7KH DGXOWV ZHUH FRQVLGHUHG GHDG LI DOO
DSSHQGDJHV GLG QRW PRYH DIWHU WRXFKLQJ ZLWK D
EUXVK 7KLV H[SHULPHQW IRU HDFK ZKLWHIO\ VSHFLHV
ZDVUHSOLFDWHGWLPHV
5HSURGXFWLRQ RI WKH VXUYLYLQJ DGXOWV IRU HDFK
ZKLWHIO\ VSHFLHV ZDV IXUWKHU H[DPLQHG LQ FOLPDWLF
FKDPEHUV DW   &  5+ DQG D
SKRWRSHULRG RI  /' (DFK SDLU RI
ZKLWHIOLHV DGXOW IHPDOH DQG DGXOW PDOH ZDV
FRQILQHG RQ WKH ORZHU OHDI VXUIDFH RI D FRWWRQ
SODQW IRU B. tabaci RU JUHHQ EHDQ SODQW IRU T.
vaporariorum XVLQJ D OHDI FOLSRQ FDJH =DQJ HW
DO  /LYH ZKLWHIOLHV LQVLGH WKH FOLSRQ FDJHV
ZHUH WUDQVIHUUHG WR DQRWKHU QHZ OHDI HYHU\  GD\V
7KH OHDYHV ZLWK ZKLWHIO\ HJJV ZHUH FXW IURP WKH
SODQW DIWHU WKH ZKLWHIOLHV ZHUH WUDQVIHUUHG WR D
QHZ OHDI 7KH ZKLWHIO\ HJJV ZHUH FRXQWHG XQGHU D
VWHUHRPLFURVFRSH 7KH SURFHVV ZDV FRQWLQXHG
XQWLO WKH IHPDOH GLHG $ QHZ PDOH ZDV DGGHG LI WKH
SUHYLRXV RQH GLHG GXULQJ WKH H[SHULPHQW )HPDOHV
WKDW GLHG ZLWKLQ  K RU SURGXFHG QR HJJV ZHUH
H[FOXGHG IURP WKH DQDO\VLV 7KH DGXOWV
PDLQWDLQHG DW & ZHUH XVHG DV XQWUHDWHG
FRQWUROV $W OHDVW  FDJHV UHSOLFDWLRQV ZHUH XVHG
IRU HDFK WHPSHUDWXUH UHJLPH IRU HDFK ZKLWHIO\
VSHFLHV
Effects of heat shock on egg hatch and sex
ratio of F1 progeny
$IWHU KHDW VKRFN DQG UHFRYHU\ ILYH SDLUV RI IHPDOH
DQG PDOH DGXOWV ZHUH UHOHDVHG LQWR D FDJH WKDW ZDV
DWWDFKHG WR WKH XQGHUVLGH RI WKH OHDI RI WKH
FRUUHVSRQGLQJ KRVW SODQW IRU  GD\V 7KH DGXOWV
ZHUH WKHQ UHPRYHG DQG WKH HJJV ZHUH FRXQWHG
7KH SODQWV ZLWK HJJV ZHUH SODFHG LQ FOLPDWLF
FKDPEHUV DW   &  5+ DQG D
SKRWRSHULRG RI  /' 7KH HJJV ZHUH
H[DPLQHG  G DIWHU RYLSRVLWLRQ DQG QXPEHU RI
KDWFKHG Q\PSKV ZDV FRXQWHG 7KH HJJV ZHUH
FRQWLQXRXVO\ H[DPLQHG HYHU\  GD\V XQWLO QR
Q\PSKV KDWFKHG DIWHU IRXU VXFFHVVLYH GD\V $W WKH
HQG RI HDFK FHQVXV LQWHUYDO WKH SODQWV ZLWK
ZKLWHIO\ HJJV RU Q\PSKV ZHUH UHSODFHG LQ WKH
FOLPDWLF FKDPEHUV XQWLO FRPSOHWLRQ RI DGXOW
HFORVLRQ :KHQ WKH UHGH\HG Q\PSK RFFXUUHG RQ
WKH OHDI WKH OHDI ZDV FDJHG ZLWK D EDJ  [  FP
WKDW ZDV PDGH RI ILQH Q\ORQ PHVK JDX]H 
FP $IWHU DGXOW HPHUJHQFH WKH EDJV ZLWK
DGXOWV ZHUH FROOHFWHG LPPHGLDWHO\ DQG VH[HG
(DFK WUHDWPHQW ZDV UHSOLFDWHG ILYH WLPHV 7KH
DGXOWV PDLQWDLQHG DW & ZHUH XVHG DV XQWUHDWHG
FRQWUROV
Statistical analysis
6XUYLYDO SUHRYLSRVLWLRQ SHULRG RYLSRVLWLRQ
Q\PSK KDWFK SURJHQ\ WKDW GHYHORSHG WR DGXOWV
DQG VH[ UDWLR ZHUH DQDO\]HG XVLQJ DQDO\VLV RI
YDULDQFH $129$ DQG PHDQV ZHUH VHSDUDWHG
XVLQJ WKH 6WXGHQW1HZPDQ.HXOV 7HVW 61. DW P
6$6,QVWLWXWH
Results
Effects of heat shock on survival of
whitefly adults
$OO DGXOWV RI ERWK B. tabaci DQG T. vaporariorum
VXUYLYHG DW & XQWUHDWHG FRQWURO DQG DW &
)LJXUH  DQG WKRVH WKDW ZHUH WUHDWHG DW &
DQG KLJKHU H[KLELWHG GLIIHUHQW UHVSRQVHV LQ
VXUYLYRUVKLS WKDW YDULHG ZLWK VH[ DQG ZKLWHIO\
VSHFLHV 7KH RYHUDOO VXUYLYDO UDWHV ZHUH
VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ WKH ZKLWHIO\
VSHFLHV F    GI     P  
KHDWVKRFN WHPSHUDWXUHV F    GI    
P   LQWHUDFWLRQV EHWZHHQ VSHFLHV DQG
KHDWVKRFN WHPSHUDWXUH F    GI     P 
 JHQGHU F    GI     P 
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 LQWHUDFWLRQ RI KHDWVKRFN DQG JHQGHU F
   GI     P    DQG LQWHUDFWLRQ RI
VSHFLHV [ KHDWVKRFN WHPSHUDWXUH [ JHQGHU F  
 GI     P    EXW QRW WKH
LQWHUDFWLRQ EHWZHHQ VSHFLHV DQG JHQGHU F   
GI     P    7KH VXUYLYDO UDWHV RI B.
tabaci ZHUH GLIIHUHQW DPRQJ WKH KHDWVKRFN
WHPSHUDWXUHV F    GI     P  
JHQGHU F    GI     P   DQG WKH
LQWHUDFWLRQ EHWZHHQ KHDWVKRFN WHPSHUDWXUH DQG
JHQGHU F    GI     P    6LPLODU
UHVXOWV ZHUH IRXQG IRU T. vaporariorum DQG
WKHUH ZHUH VLJQLILFDQW GLIIHUHQFHV DPRQJ WKH
KHDWVKRFN WHPSHUDWXUH F    GI     P
  JHQGHU F    GI     P 
 DQG WKH LQWHUDFWLRQ EHWZHHQ KHDWVKRFN
WHPSHUDWXUH DQG JHQGHU F    GI     P=

7KH VXUYLYDO UDWHV RI ERWK WKH IHPDOH DGXOWV DQG
WKH PDOH DGXOWV RI WKH WZR ZKLWHIO\ VSHFLHV ZHUH
VLJQLILFDQWO\ GLIIHUHQW F   ± GI   
± P   DQG H[KLELWHG VLPLODU
UHVSRQVHV WR KHDW VKRFNV $OO ZKLWHIO\ DGXOWV
VXUYLYHG DW DPELHQW WHPSHUDWXUH DQG WKH &
KHDWVKRFN WUHDWPHQW EXW WKH VXUYLYDO UDWHV
GHFOLQHG DV WKH KHDWVKRFN WHPSHUDWXUH LQFUHDVHG
7KH UHODWLRQVKLS EHWZHHQ WKH VXUYLYDO UDWHV DQG
KHDWVKRFN WHPSHUDWXUHV RI IHPDOHV DQG PDOHV RI
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661




ERWK ZKLWHIO\ VSHFLHV ILW ZHOO WR D QRQOLQHDU
PRGHO RI \   DEH[ U  UDQJHG IURP  WR
 P   &XUYH '   6\VWDW
6RIWZDUH,QF6DQ-RVH&$)LJXUH
)RU B. tabaci WKHUH ZHUH QR VLJQLILFDQW
GLIIHUHQFHV EHWZHHQ WKH IHPDOHV DQG PDOHV DW
DPELHQW WHPSHUDWXUH DQG IROORZLQJ KHDWVKRFN
WUHDWPHQWV RI  DQG & & F    GI   
 P    & F    GI     P  
 +RZHYHU ZKHQ WKH\ ZHUH WUHDWHG DW 
DQG & VLJQLILFDQWO\ OHVV PDOHV VXUYLYHG DIWHU
WKH KHDW VKRFN WKDQ WKH IHPDOHV  YV 
DQG  YV  IRU IHPDOHV DQG PDOHV DW 
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH DQG & UHVSHFWLYHO\ & F    GI    
P    & F    GI     P  
 )RU T. vaporariorum WKH VXUYLYDO UDWHV
RI PDOHV ZHUH VLJQLILFDQWO\ ORZHU WKDQ WKH IHPDOHV
IROORZLQJ WKH KHDWVKRFN WUHDWPHQWV RI & DQG
KLJKHU F    GI    ± P  
±
Effects of heat shock on preoviposition,
reproduction, nymph hatch and sex ratio
Preoviposition
+HDW VKRFN KDG QR LQIOXHQFH RQ SUHRYLSRVLWLRQ
SHULRGV RI WKH WZR ZKLWHIO\ VSHFLHV B. tabaci: F  
 GI     P    T. vaporariorum: F
   GI     P    DQG WKH
SUHRYLSRVLWLRQSHULRGUDQJHGIURPWRG
Reproduction
(IIHFWV RI KHDW VKRFN RQ UHSURGXFWLRQ GLIIHUHG
GUDPDWLFDOO\ EHWZHHQ WKH WZR ZKLWHIO\ VSHFLHV F
   GI     P   DPRQJ WKH
KHDWVKRFN WHPSHUDWXUHV F    GI     P
   DQG WKH LQWHUDFWLRQ EHWZHHQ VSHFLHV DQG
KHDWVKRFN WHPSHUDWXUH F    GI     P  
 )LJXUHV $ DQG $¶ :KHUHDV KHDW
VKRFN GLG QRW H[KLELW DQ\ VLJQLILFDQW HIIHFWV RQ
QXPEHUV RI HJJV RYLSRVLWHG E\ WKH IHPDOHV RI B.
tabaci F    GI     P    )LJXUH
$ LW VLJQLILFDQWO\ UHGXFHG WKH QXPEHU RI HJJV
RYLSRVLWHG E\ WKH IHPDOHV RI T. vaporariorum
ZLWK WKH LQFUHDVH RI WHPSHUDWXUH F    GI  
  P   )LJXUH $¶ 7KH IHPDOHV RI T.
vaporariorum GLG QRW RYLSRVLW DIWHU KHDW VKRFN DW
& DQG RQO\ D IHZ DW & 7KH HIIHFWV RI WKH
VDPH KHDW VKRFN WHPSHUDWXUH RQ WKH UHSURGXFWLRQ
RI WKH WZR ZKLWHIO\ VSHFLHV GLIIHUHG VLJQLILFDQWO\
1XPEHU RI HJJV RYLSRVLWHG EHWZHHQ WKH ZKLWHIO\
VSHFLHV GLG QRW GLIIHU VLJQLILFDQWO\ DW  DQG &
F   ± GI    ± P  
± EXW IHZHU HJJV ZHUH GHSRVLWHG E\
T. vaporariorum WKDQ E\ B. tabaci DW   DQG
& F   ± GI    ± P  
±
Egg hatch
7KH SURSRUWLRQ RI Q\PSKV KDWFKHG IURP WKH HJJV
RI ERWK B. tabaci DQG T. vaporariorum GLG QRW
GLIIHU VLJQLILFDQWO\ EHWZHHQ WKH WZR VSHFLHV F  
 GI     P    EXW GLIIHUHG
VLJQLILFDQWO\ DPRQJ WKH KHDWVKRFN WHPSHUDWXUHV
F    GI     P   DQG WKH
LQWHUDFWLRQ EHWZHHQ VSHFLHV DQG KHDWVKRFN
WHPSHUDWXUH F    GI     P  
ZLWK D WHQGHQF\ RI GHFOLQLQJ HJJ KDWFK ZLWK
LQFUHDVLQJ KHDW VKRFN WHPSHUDWXUH )LJXUHV %
DQG %¶ +RZHYHU WKH HIIHFWV RI KHDW VKRFN RQ
KDWFKLQJ RI WKH Q\PSK IURP WKH HJJ GLIIHUHG
EHWZHHQ WKH WZR ZKLWHIO\ VSHFLHV )RU B. tabaci
WKH SHUFHQWDJHV RI HJJV KDWFKHG GLG QRW GHFOLQH
VLJQLILFDQWO\ XQWLO WKH WHPSHUDWXUH LQFUHDVHG WR 
DQG & ZKHUHDV WKRVH IRU T. vaporariorum
GHFOLQHG DW & DQG QR Q\PSKV ZHUH KDWFKHG DW
DQG&
Survival to adults
7KH SHUFHQWDJHV RI WKH SURJHQ\ RI ERWK B. tabaci
DQG T. vaporariorum WKDW GHYHORSHG WR DGXOWV
ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ WKH WZR
VSHFLHV F    GI     P    QRU WKH
LQWHUDFWLRQ EHWZHHQ VSHFLHV DQG KHDWVKRFN
WHPSHUDWXUH F    GI     P    EXW
GLIIHUHG VLJQLILFDQWO\ DPRQJ WKH KHDWVKRFN
WHPSHUDWXUHV F    GI     P  
ZLWK D WHQGHQF\ RI GHFOLQLQJ WKH KHDW VKRFN
WHPSHUDWXUHV LQFUHDVHG )LJXUH & DQG &¶ 7KH
SHUFHQWDJHV RI SURJHQ\ WKDW GHYHORSHG WR DGXOWV RI
ERWK B. tabaci DQG T. vaporariorum GLG QRW
GHFOLQH VLJQLILFDQWO\ XQWLO WKH WHPSHUDWXUH
LQFUHDVHG WR & DQG KLJKHU DQG  DQG
 RI WKH SURJHQ\ RI B. tabaci GHYHORSHG WR
DGXOWV FRPSDUHG ZLWK QR Q\PSK VXUYLYDO IRU T.
vaporariorum DWDQG&UHVSHFWLYHO\
Sex ratio
2I WKH SURJHQ\ RI B. tabaci WKDW GHYHORSHG WR
DGXOWV GLIIHUHQW SHUFHQWDJHV RI IHPDOHV ZHUH
IRXQG DPRQJ WKH GLIIHUHQW KHDWVKRFN WUHDWPHQWV
F    GI     P    )LJXUH '
+RZHYHU WKH IHPDOH UDWLR ZDV VLPLODU DPRQJ WKH
WUHDWPHQWV DW WKH DPELHQW WHPSHUDWXUH &
DQG WKH WKUHH KHDW VKRFN WUHDWPHQWV RI   DQG
& /RZHU SHUFHQWDJHV RI IHPDOHV ZHUH IRXQG DW
WKH WZR KLJKHU WHPSHUDWXUHV  DQG & 2I WKH
SURJHQ\ RI T. vaporariorum WKDW GHYHORSHG WR
DGXOWV DSSUR[LPDWHO\ HTXDO SURSRUWLRQV  WR
 ZHUH IHPDOHV ZLWK QR GLIIHUHQFHV DPRQJ
WKH KHDW VKRFN WUHDWPHQWV F    GI     P
 )LJXUH'¶
Discussion
,Q HFWRWKHUPLF RUJDQLVPV WHPSHUDWXUH SOD\V D
YLWDO UROH LQ VXUYLYDO DQG UHSURGXFWLYH VXFFHVV
:KHQ WHPSHUDWXUHV H[FHHG DQ LQVHFW¶V RSWLPXP
WHPSHUDWXUH UDQJH WKHUH DUH WZR PXWXDOO\
H[FOXVLYH UHVXOWV VXUYLYDO RU GHDWK 'HQOLQJHU DQG
<RFXP  (YHQ LI D VSHFLHV FRXOG VXUYLYH DIWHU
H[SRVXUH WR KHDW VWUHVV ILWQHVV LV SUREDEO\
DIIHFWHG 6FRWW HW DO  5LQHKDUW HW DO 
2XU UHVXOWV VKRZ WKDW B. tabaci DQG T.
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH vaporariorum DGXOWV H[KLELWHG GLIIHUHQW
UHVSRQVHV WR KHDWVKRFN DOWKRXJK WKHLU SRVWKHDW
VKRFN VXUYLYDO DW GLIIHUHQW WHPSHUDWXUHV ILW D
FRPPRQ PRGHO )LJXUH  7KH VXUYLYDO UDWHV RI
IHPDOH DQG PDOH DGXOWV RI B. tabaci ELRW\SH %
ZHUH  DW  DQG & DQG GHFOLQHG VORZO\
XQWLO WKH WHPSHUDWXUH LQFUHDVHG WR & $ERYH
WKLV WHPSHUDWXUH DW  DQG & B. tabaci ELRW\SH
% PDOHV KDG VLJQLILFDQWO\ ORZHU VXUYLYDO UDWHV WKDQ
IHPDOHV 6LPLODUO\ T. vaporariorum VXUYLYHG
 DW  DQG & EXW WKH VXUYLYDO UDWHV RI T.
vaporariorum GHFOLQHG PRUH UDSLGO\ DQG VKDUSO\
WKDQ B. tabaci ELRW\SH % DW KLJKHU WHPSHUDWXUHV
!& HVSHFLDOO\ IRU PDOHV ZKHUHDV WKH VXUYLYDO
UDWHV IRU IHPDOHV ZHUH VLJQLILFDQWO\ KLJKHU DW &
RUKLJKHU
3RVWVKRFN VXUYLYLQJ ZKLWHIOLHV RI ERWK VSHFLHV
DOVR H[KLELWHG D GLIIHUHQW UHVSRQVH LQ IHFXQGLW\
$IWHU KHDW VKRFN WKH QXPEHU RI HJJV GHSRVLWHG E\
B. tabaci ZDV QRW VLJQLILFDQWO\ GLIIHUHQW DW WKH VL[
WHPSHUDWXUHV )LJXUH $ ZKHUHDV WKH QXPEHU RI
HJJV GHSRVLWHG E\ T. vaporariorum GHFUHDVHG DW
& DQG DERYH )LJXUH $¶ 7KHVH UHVXOWV
LQGLFDWH WKDW B. tabaci ZDV DEOH WR WROHUDWH KLJKHU
WHPSHUDWXUHV WKDQ T. vaporariorum. T.
vaporariorum DOPRVW FHDVHG GHSRVLWLQJ HJJV
DIWHU KHDW VKRFN DW & ,W KDV EHHQ UHSRUWHG WKDW
KHDW VKRFN FDQ FDXVH LQMXU\ WR RRF\WHV DQG
RYDULDQ GHYHORSPHQW LQ IHPDOHV WKDW FRXOG OHDG WR
WKH GHFUHDVH LQ HJJ SURGXFWLRQ +HDW VKRFN FDQ
UHGXFH PDOH IHUWLOLW\ GXH WR GLUHFW LQMXU\ WR WKH
WHVWHV DQG VSHUP &KLKUDQH DQG /DXJH 
 .UHEV DQG /RHVFKFNH  6FRWW HW DO 
5LQHKDUWHWDO
+HDWVKRFN DOVR DIIHFWHG WKH VXUYLYDO RI WKH
GHSRVLWHG HJJV LQ WKH ) JHQHUDWLRQ DV VKRZQ E\
WKH ORZHU HJJ KDWFK )LJXUHV % DQG %¶
$OWKRXJK KHDWVKRFN GLG QRW DIIHFW RYLSRVLWLRQ RI
B. tabaci LW UHVXOWHG LQ UHGXFHG HJJ KDWFK ZKHQ
WHPSHUDWXUHV ZHUH DW & RU KLJKHU )LJXUH %
+HDW VKRFN VHYHUHO\ UHGXFHG KDWFK RI T.
vaporariorum HJJV ZLWK WKH LQFUHDVH LQ
WHPSHUDWXUH DQG QR HJJV KDWFKHG DW & )LJXUH
%¶ 6LPLODUO\ WKH QXPEHUV RI DGXOWV WKDW HFORVHG
IURP WKH ) RIIVSULQJ ZHUH VLJQLILFDQWO\ UHGXFHG
IRU ERWK ZKLWHIO\ VSHFLHV )LJXUHV & DQG &¶ /HVV
WKDQ  RI B. tabaci RIIVSULQJ GHYHORSHG WR
DGXOWV DW KHDW VKRFN WHPSHUDWXUHV RI  DQG &
)LJXUH & 6LPLODU UHVXOWV KDYH EHHQ UHSRUWHG LQ
WKH OLWHUDWXUH *HQJ HW DO  IRXQG WKDW ZKHQ
WKH PLGGOH DQG ODWH SXSDO VWDJHV RI
Trichogramma dendrolimi 0DWVXPXUD
KHDWVKRFNHG IRU  KRXUV DW  DQG &
HPHUJHQFH UDWH DQG QXPEHU RI ZDVSV SHU KRVW HJJ
ZHUH VLJQLILFDQWO\ UHGXFHG DQG QHDUO\ DOO SXSDH
IDLOHG WR GHYHORS WR DGXOWV +RZHYHU WKH\ DOVR
IRXQG WKDW KHDW VKRFN RI WKH SXSDO VWDJH KDG OLWWOH
HIIHFWRQSURJHQ\
7KH HIIHFWV RI KHDW VKRFN RQ VH[ UDWLRV RI WKH WZR
ZKLWHIO\ VSHFLHV ZHUH DOVR GLIIHUHQW )LJXUH '
DQG '¶ +HDW VKRFN DW & GLG QRW DOWHU WKH VH[
UDWLR RI WKH ) SURJHQ\ RI B. tabaci EXW IHZHU
IHPDOHV HPHUJHG ZKHQ WKH SDUHQW IHPDOHV ZHUH
KHDWVKRFNHG DW  DQG & )LJXUH ' ,Q
FRQWUDVW VH[ UDWLRV RI WKH ) SURJHQ\ RI T.
vaporariorum ZHUH QRW DIIHFWHG DIWHU WKH SDUHQW
IHPDOHV ZHUH KHDWVKRFNHG )LJXUH '¶ ,W KDV
EHHQ UHSRUWHG WKDW FKDQJHV LQ VH[ UDWLRV PD\
DIIHFW WKH SRSXODWLRQ G\QDPLFV RI WKH LQVHFW
.UDLQDFNHU DQG &DUH\  +RULZLW] DQG
*HUOLQJ  ,Q RXU VWXG\ ERWK PDOHV DQG
IHPDOHV WKDW KDG EHHQ VXEMHFWHG WR KHDW VKRFN DW
 DQG & ZHUH SDLUHG WRJHWKHU $V D UHVXOW ZH
FRXOG QRW GHWHUPLQH LI ERWK VH[HV ZHUH DIIHFWHG RU
LI SHUKDSV WKH PDOH RU IHPDOH DORQH ZHUH DIIHFWHG
$V VKRZQ LQ )LJXUH $ WKH QXPEHU RI HJJV ODLG
SHU IHPDOH WKDW ZHUH KHDWVKRFNHG DW  DQG &
ZDV QRW UHGXFHG EXW WKH UDWLR RI IHPDOH SURJHQ\
ZDV VLJQLILFDQWO\ UHGXFHG )LJXUH ' VXJJHVWLQJ
WKDW PDOH IHUWLOLW\ PD\ KDYH EHHQ PRUH DIIHFWHG E\
WKH KLJK WHPSHUDWXUHV EHFDXVH B. tabaci LV
KDSORGLSORLG
7KHUH LV QR GRXEW WKDW IRRG VXSSOLHV SOD\ YLWDO
UROHV IRU WKH WZR VSHFLHV RI ZKLWHIOLHV 6DOYXFFL
 IRXQG WKDW ZLWK D VRXUFH RI IRRG VXSSO\
FRWWRQ OHDYHV VRUELWRO OHYHOV WKDW SURWHFW
SURWHLQV IURP KHDW VWUHVV LQFUHDVHG LQ B. tabaci
E\  IROG DW & FRPSDUHG ZLWK & +RZHYHU
DQ DFFOLPDWLRQ SHULRG LV UHTXLUHG IRU WKH
ZKLWHIOLHV WR DGMXVW WR WKH QHZ FRQGLWLRQV IRU
H[DPSOH E\ UDLVLQJ VRUELWRO OHYHOV DIWHU KHDW
VKRFN ,Q WKH SUHVHQW VWXG\ ZH IRXQG WKDW LW WRRN
DQ DYHUDJH RI   
  DQG    PLQ LQ WKH FOLPDWLF
LQFXEDWRUV WR UHDFK     DQG &
UHVSHFWLYHO\ IURP & ,W LV SRVVLEOH WKDW WKH
ZKLWHIOLHV ZHUH DEOH WR UDLVH WKHLU VRUELWRO OHYHO LQ
UHVSRQVHWRWKHLQFUHDVLQJWHPSHUDWXUH
+HDW VKRFN SURWHLQV +VS SOD\ DQ LPSRUWDQW UROH
LQ WROHUDWLQJ KHDW VWUHVV LQ LQVHFWV 6RORPRQ HW DO
 )HGHU HW DO  DQG WKH GLIIHUHQFH LQ
WROHUDQFH PD\ EH UHODWHG WR GLIIHUHQFHV LQ WKHLU
RSWLPDO WHPSHUDWXUH IRU WKH KHDW VKRFN
SURWHLQLQGXFWLRQ UHVSRQVH /LQGTXLVW  *RWR
DQG 0DVDKLWR  )RU PRVW RUJDQLVPV KHDW
VKRFN SURWHLQV DUH V\QWKHVL]HG ZKHQ DPELHQW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WHPSHUDWXUHV H[FHHG WKH QRUPDO WHPSHUDWXUH
RSWLPXP RI WKH RUJDQLVP 3DUVHOO DQG /LQGTXLVW
 +RZHYHU VWXGLHV KDYH VKRZQ WKDW
ZKLWHIOLHV DFFXPXODWH SRO\K\GULF DOFRKROV
SRO\ROV VXFK DV VRUELWRO LQ UHVSRQVH WR KLJK
WHPSHUDWXUH :ROIH HW DO  +HQGUL[ DQG
6DOYXFFL  6DOYXFFL HW DO   )RU
ZKLWHIOLHV DFFXPXODWLRQ RI VRUELWRO RFFXUV XQGHU
ILHOG FRQGLWLRQV LQ UHVSRQVH WR D GLXUQDO LQFUHDVH
LQ WHPSHUDWXUH :ROIH HW DO  6RUELWRO DQG
RWKHU SRO\ROV DUH ZHOONQRZQ VROYHQW PRGLILHUV
WKDW SURWHFW WKH QDWLYH VWUXFWXUH RI SURWHLQV IURP
WKHUPDO GHQDWXUDWLRQ %DFN HW DO  +HQOH HW
DO  5HFHQW HYLGHQFH ZLWK ZKLWHIOLHV LV
FRQVLVWHQW ZLWK WKH LGHD WKDW VRUELWRO DFWV DV D
WKHUPRSURWHFWDQW in vivo SURWHFWLQJ ZKLWHIO\
SURWHLQV IURP WKHUPDO GHQDWXUDWLRQ 6DOYXFFL
 6DOYXFFL HW DO  IRXQG WKDW +VS
DQG +VS ZHUH WKH PDMRU SRO\SHSWLGHV
V\QWKHVL]HG E\ ZKLWHIOLHV LQ UHVSRQVH WR KHDW
VWUHVV 7KH DPRXQWV RI +VS DQG +VS SURWHLQ
DQG +VS P51$ ZHUH XQFKDQJHG LQ UHVSRQVH WR
D GLXUQDO LQFUHDVH LQ WHPSHUDWXUH ZKHUHDV
VRUELWRO FRQWHQW LQFUHDVHG IROG 7KDW
VWHDG\VWDWH OHYHOV RI KHDW VKRFN SURWHLQV GLG QRW
LQFUHDVH ZLWK KLJKHU UDWHV RI V\QWKHVLV VXJJHVWV
WKDW WKH\ WXUQ RYHU IDVWHU LQ KHDWVWUHVVHG
ZKLWHIOLHV +VS WUDQVFULSW OHYHOV ZHUH KLJKHVW
ZKHQ QXWULHQW GHSULYDWLRQ DFFRPSDQLHG KHDW
VWUHVV 7KXV KHDW VKRFN SURWHLQV DSSHDU WR EH
HVSHFLDOO\ LPSRUWDQW IRU KHDWVWUHVVHG ZKLWHIOLHV
ZKHQVRUELWROV\QWKHVLVLVOLPLWHGQXWULWLRQDOO\
([DPLQDWLRQ RI WKH UHFHQW RXWEUHDNV RI B. tabaci
HPSOR\LQJ QHZ PROHFXODU WRROV UHVXOWHG LQ
WD[RQRPLF ILQGLQJV WKDW VKRZHG WKLV SHVW
FRQWDLQHG QXPHURXV ELRW\SHV  *DZHO DQG %DUOHWW
  3HUULQJ HW DO  *XLUDR HW DO  'H
%DUUR HW DO 7KH DSSHDUDQFH RI
WKHVH ELRW\SHV ZDV SUREDEO\ UHODWHG WR WKH YHU\
ODUJH SRSXODWLRQV WKDW GHYHORSHG WKHLU YDVW
UDQJHV DQG KRVW SODQW YDULHWLHV WR YDULRXV
VHOHFWLYH SUHVVXUHV DQG WR WKH SK\VLRORJLFDO
FKDUDFWHULVWLFV RI WKH VSHFLHV ,Q DGGLWLRQ WKHVH
UHVSRQVHV FRLQFLGH ZLWK WKHLU DGDSWDWLRQ WR
GLVSHUVDO UDQJH VSDWLDO DQG WHPSRUDO
GLVWULEXWLRQVDQGGLIIHUHQWHQYLURQPHQWV
,Q QDWXUH SRSXODWLRQ G\QDPLFV YDULHV LQ GLIIHUHQW
WHPSRUDO DQG VSDWLDO QLFKHV UHIOHFWLQJ GLIIHUHQW
UHTXLUHPHQWV IRU WKHUPDO EXGJHW DQG KDELWDW
WUDLWV 6WDQOH\ HW DO  6WUDWPDQ DQG 0DUNRZ
 &KHQ DQG .DQJ  7KHUHIRUH WKH
DELOLW\ RI LQVHFWV WR VXUYLYH WKHUPDO VWUHVV
WRJHWKHU ZLWK RWKHU IDFWRUV SOD\V DQ LPSRUWDQW
UROH LQ GHWHUPLQLQJ GLVWULEXWLRQ RI D VSHFLHV %DOH
HW DO  7VXHGD DQG 7VXFKLGD  UHSRUWHG
WKDW B. tabaci KDG D KLJKHU GHYHORSPHQW UDWH
VXUYLYDO UDWH DQG RYLSRVLWLRQ WKDQ WKDW RI T.
vaporariorum DW & LQGLFDWLQJ WKDW B. tabaci
KDV KLJKHU YLDELOLW\ WKDQ T. vaporariorum DW OHVV
VHYHUH KLJK WHPSHUDWXUHV 2XU UHVXOWV SURYLGH
IXUWKHU LQIRUPDWLRQ H[SODLQLQJ WKH PHFKDQLVPV
DQG SKHQRPHQD RI SRSXODWLRQ G\QDPLFV RI WKH
WZR ZKLWHIO\ VSHFLHV LQ QRUWKHUQ &KLQD DV
UHSRUWHG E\ /XR HW DO  7KH UHVXOWV ZRXOG
EH YHU\ XVHIXO IRU PRQLWRULQJ SRSXODWLRQ
G\QDPLFV GLVWULEXWLRQ DQG GLVSHUVDO RI WKH WZR
ZKLWHIO\ VSHFLHV DQG IRU GHYHORSLQJ VXVWDLQDEOH
DQG LQWHJUDWHG VWUDWHJLHV IRU WKH PDQDJHPHQW RI
WKHWZRLPSRUWDQWSHVWV
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